Risk factors associated with cardiovascular disease (CVD) are diabetes, obesity, smoking, hypertension and hyperlipidemia. Hyperlipidemia or dyslipidemia is an important risk factor after middle age. Its association with several nutrients such as fat and n-3 fatty acid, vitamin A, E, and folic acid, is well known. Selenium, a strong antioxidant trace mineral, is a nutrient that strongly influences CVD (1-5) Epidemiological evidence has shown that low Se status predisposes to CVD (4, 6, 7) , and furthermore, selenium status has been sug gested to influence blood coagulation, be involved in platelet aggregation and to prevent arterial thrombosis. (8) (9) (10) (11) . Various protective potentials of selenium against CVD are mostly attributable to its radical scav enging function against lipid peroxidation, since sele nium is a component of selenoenzyme GSHpx. Also, through influencing lipid metabolism, and thus hyper lipidemia, selenium is considered to be a vital element in preventing the development of CVD (1, 12, 13) . Jossa et al. (12) reported a strong correlation of serum sele nium with serum cholesterol after adjusting age and E-mail: okheel@hotmail.com body mass index (BMI) in humans. A significant associ ation of selenium status with HDL-cholesterol level and low atherogenic index was reported in nutritional sur veys with Japanese (14) and Indians (4) . Also, results of animal trials have suggested the dependence of blood lipid levels on the selenium status, irrespective of its antioxidative effects (13, 15, 16) . In rats fed a high-cho lesterol diet, Iizuka et al. (1) observed a recuperative effect of selenium for induced hypercholesterolemia and high LDL-cholesterol serum level. Crespo et al. (13) reported a lowering effect of serum triglyceride by sele nium supplementation without any change of lipid per oxidation indices in old rats. Selenium appeared to affect 3-hydroxy-3methyglutaryl-coA reductase (HMG CoA) and fatty acid synthetase activity (1), stimulating enzymes regulating cholesterogenesis and triglyceride synthesis in the liver (17) .
The influence of local geochemical environment and dietary practices can result in selenium imbalance. Concentrations of selenium in the serum (or plasma) have usually been used in the assessment of the sele nium nutritional state. Many epidemiological studies reported the presence of low selenium status in many areas of the world (4, (18) (19) (20) shown in Table 1 . The means of BMI and of waist-hip. lipid contents were within normal range except for the borderline level of total cholesterol in the elderly group. The atherogenic index, calculated by the ratio of choles terol and HDL-cholesterol concentrations according to Kinosian et al. (32) , increased significantly with increasing age. In the middle-aged and elderly groups, an atherogenic index of over 3.5 was suggested as the cut-off point for normal range. Means for the biochemical indices of the three sub groups according to the tertiles of the serum selenium concentrations are summarized in Table 4 . Individuals had significantly lower HDL-cholesterol serum levels in the lowest tertile for their serum selenium levels com pared with the highest tertile, whereas there was a higher atherogenic index in the serum of subjects with the lowest serum selenium tertile. The cholesterol, tri glyceride, LDL-cholesterol, and lipoprotein(a) serum concentrations in the subjects with the lowest serum selenium tertile were the highest compared to those in individuals with the highest serum selenium tertile, although these differences were not significant. Individ uals with the lowest selenium tertile had a significantly higher atherogenic index compared with the highest selenium levels (p<0.05).
Because middle-aged and elderly subjects did not dif fer with regard to selenium levels, we pooled them in one group to be compared with young adults. The rela tive strengths of the univariate relationships were inves tigated by stepwise regression in younger and older subjects separately. Stepwise regression analysis was performed for serum lipid levels including age. In sub jects below 40y of age ( (18, 36) , old New Zealander (19) and Singaporean pop ulations (4), have shown the dependency of selenium status on the soil selenium contents in different areas and consuming food produced from soil with different Se contents. The overall selenium contents of soil in South Korea are 0.03-0.24ppm, and these soil levels in South Korea belong to the normal range (39) . But the soil selenium concentration in the central part of Korea, including Seoul, is relatively low compared to other areas (39) . The selenium status of our subjects is com parable to the study of Oh and Cho (39) , showing rela tively lower blood selenium concentrations in the inhabitants of Seoul as compared to other areas of South Korea. However, until now, a database for the selenium content in Korean foods has not been fully established. Therefore, it is not possible in the present study to correlate the serum selenium levels of our sub jects in association with the selenium intake levels. The relatively high proportion in our subjects pos sessing low selenium status might be due to the pres ence of a high proportion of elderly people in the group with selenium deficiency, which can validate the ten dency of reduced selenium status with increase in age, a common phenomenon in humans (38) . As shown in age-related changes of selenium levels or its indicators in blood (26, 35, (40) (41) (42) , the precise underlying cause of reduction in selenium level with age is not clear at present, but there can be several possible explanations. One is that lipidperoxides accumulate with age (26) , which may cause a decrease in body selenium status. Furthermore, elderly people have a generally higher risk to develop selenium nutrition deficiency due to modified dietary habits and requirement, decreased physical activity, age-related physiological changes, drug therapy and chronic disease (43, 44) .
There are a few reports on the selenium status of Korean people (40, 45, 46) , although selenium defi ciency in Asian people including Chinese, Malaysians, and Japanese are well reported. The previous three studies with Koreans seemed to be restricted with regard to the sample size, or due to an unclear indica tion of the subjects' age and sex, or focusing only on young adults or patients with liver disease. Our report is the first study that evaluates selenium status according to age range and uses a relevant sample size of Korean adults. Such lack of Korean selenium research is proba bly due to the analytical difficulty of selenium, which results from the very low amount in human biological samples and the high risk of contamination during preparation of the sample. The major strength of this study is its use of a particular analytical method with little risk of contamination. The use of the NAA method needs no complicated preparation, only freeze-drying. Specifically, freeze-ze-drying in a vacuum state is known to be a practical method for preventing contamination and for excellent retention of trace elements including selenium (47, 48) . Thus, a more precise selenium con centration could be obtained from the serum sample to the ppb level.
The age-related change of serum lipid contents in this study corresponds to the known result of other studies (26, 38, 49) . Low selenium status has been observed to increase the CVD risk and incidence of coronary heart disease in human populations. Appropriate selenium nutrition can diminish the CVD risk most likely through its antioxidant function and prevention of lipid peroxi dation (4, 6, 7) , as well as probably through modifying the blood lipid profiles (13, 50) . Serum HDL-cholesterol content and atherogenic index in our subjects varied according to the selenium status, suggesting an associ ation between low serum selenium levels and coronary heart disease risk in adult females. Our results agree with epidemiological studies, which reported similar patterns in healthy Japanese (14) and Indians (4), as well as in ischemic patients of Finland (5). Miyazaki et al. (14) observed in middle and high selenium intake subjects, a higher serum HDL-cholesterol level and lower atherogenic index than in the low selenium intake group of a rural coastal community in Japan. The results from the NUSH study showed lower serum selenium levels in Indians who showed a higher rate of coronary heart disease than other races in Singapore (4). In a case-control study and a cross-sectional study on unselected Eastern Finnish men, Salonen et al. (5, 51) found that patients with ischemic heart disease had lower serum selenium than their healthy counterparts, and a low serum selenium level was associated with an increase in the adjusted relative risk of coronary heart disease death. Luoma et al. (7) observed that a positive correlation of serum selenium concentration with HDL cholesterol level in healthy subjects, and an increase in serum selenium level and HDL-cholesterol: cholesterol ratio by selenium supplementation. In addition, experi mental trials with animals using selenium-supple mented or -deficient diets showed a causal relationship between selenium nutritional status and blood lipid lev els (1, 11, 13, 15, 52) . Thus, previous studies indicated a link of low serum selenium to reduced HDL-choles terol, and further to the high coronary heart disease risk, and emphasized that selenium supplementation may influence the risk of coronary heart disease in indi viduals with low selenium status. As a cause for the high HDL-cholesterol level in subjects of high selenium status, possible increases of lecithin-cholesterol acyl transferase and total lipase activities were suggested (53) . However, in the current study, the independent association of selenium status with coronary heart dis ease risks could be found only in young adults, not in subjects over 40y of age who are exposed to the increased risk of lipid metabolism derangement. This result is contrary to the results of the Olivetti Heart Study (12) , which showed with southern Italian men a correlation of serum selenium with serum cholesterol, and also after adjustment for age and BMI. In the cur rent study, a derangement of lipid metabolism occurred in subjects over 40y-old and the independent factor for lipid levels was only age. Association between selenium status and lipids levels might not result from the low selenium status in these subjects, compared to the young adults. However, we could not find any associa tion between selenium status and lipid levels when sub jects with low selenium or high selenium levels were excluded in the stepwise analysis for females aged over 40 y (data are not shown). The present result was simi lar to the report of Bukkens et al. (54) , who found no indications that the possible effect of selenium on CVD may operate through the known CVD risk factors in Dutch people aged 40-75y having similar selenium levels like our subjects aged over 40y. It is well accepted that with advancing age, various lifestyle changes such as physical activity, smoking habits, and administration of estrogen status and its therapy can influence the blood lipid profiles of female adults. This may compli cate the relationship between selenium status and lipid levels in our subjects aged over 40y. It can also be hypothesized that the association between selenium level and HDL-cholesterol could be due to dietary inter relationships between selenium intake and foods that affect serum HDL-cholesterol concentrations in subjects aged over 40y. There are many reports on dietary com ponents that cause the derangement of lipid metabo lism. In the current study, the dietary intake was not assessed.
In conclusion, although the selenium status of adult females was normal overall, a considerable proportion of the subjects were in a state of selenium deficiency. Furthermore, the selenium status in Korean adult females seemed to diminish with increasing age. The selenium status seems to be associated independently with HDL-cholesterol levels, thus CVD risk is lower in adult females below the age of 40y. However, this asso ciation was not confirmed in subjects over the age of 40y. The data from the present study suggest that high selenium status may be beneficial in preventing high
